Maternally synthesised factors contribute to the establishment of the germ cell lineage in lower vertebrates. In zebrafish, germ-soma segregation appears to be completed by the late blastula stage of development. To search for new germ cell factors in the zebrafish, we have used subtractive cDNA cloning. Here we report that linker histone H1M transcripts mark the germ line from the early gastrulation up to 18 h post-fertilisation. q
Results and discussion
Germ cell formation is less characterised in zebrafish and other vertebrates as compared to Drosophila melanogaster and Caenorhabditis elegans. In many animal species, it has been shown that primordial germ cells (PGCs) become established during early development and that they contain germ granules (Eddy, 1975; Saffman and Lasko, 1999; Starz-Gaiano and Lehmann, 2001 ). These granules consist of RNAs and proteins and they are thought to play an important role in controlling germ cell development (Saffman and Lasko, 1999; Seydoux and Strome, 1999; Schisa et al., 2001) . In zebrafish, vas-and nos-related genes have been isolated and their gene products shown to segregate with the developing germ line (Olsen et al., 1997; Yoon et al., 1997; Koprunner et al., 2001) . Electron microscopy analysis has revealed that vas transcripts associate with structures resembling germ granules (Knaut et al., 2000) .
To identify new early acting factors involved in germ cell formation, we used subtractive cDNA cloning. Among 75 clones that were sequenced, we selected for whole-mount in situ hybridisation, novel sequences and those that showed sequence similarity to genes known to be expressed in the germ cells in other species. Of these clones, K39 was found to be related to linker histone B4/H1M of Xenopus laevis, the expression of which is restricted to early embryos and ovaries (Smith et al., 1988) . K39 derives from a locus represented by numerous expressed sequence tags (ESTs) isolated from adult male, female and ovary libraries. A full length cDNA was assembled on the basis of one of these ESTs (accession no.: BM183922 and BM183604) and this sequence was translated and used in blastp searches (Altschul et al., 1990) . The predicted zebrafish protein is 43% identical (57 of 131 residues) and 40% identical (43 of 105 residues) with the Xenopus laevis linker histone B4/ H1M and murine H1oo, respectively (accession no. P15308, Smith et al., 1988; accession no. AY007195, Tanaka et al., 2001) . Furthermore, the zebrafish protein shows 37% identity (35 of 93 residues) with the sperm-specific histone H1-like protein of Mytilus californianus (accession no. P22974, Jutglar et al., 1991) . We refer to the zebrafish gene as H1M.
H1M transcripts are present in all the blastomeres of early zebrafish embryos (Fig. 1A-C) . During early gastrulation, H1M transcripts become restricted to four clusters of cells located along the blastoderm margin (Fig. 1D) . By early somitogenesis the H1M positive cells aggregate into two elongated clusters of cells (Fig. 1E) . Although, H1M positive trailing cells are frequently observed, the majority of H1M positive cells remain within the two clusters up to at least 16 h post-fertilisation ( Fig. 1F-G) . Weak signals were also observed at 18 h (not shown). Thus, this spatial distribution of H1M transcripts during gastrulation onwards is indistinguishable from those of vas and nos (Olsen et al., 1997; Yoon et al., 1997; Koprunner et al., 2001) . Double fluorescence in situ hybridisation confirmed the presence of H1M RNA in vas positive cells (Fig. 1H-J) . This co-expression of vas and H1M RNA strongly suggest that H1M is a PGC marker.
To determine the temporal expression profile of H1M, a developmental RT-PCR analysis was performed. H1M transcripts were easily detected during early zebrafish ontogeny (02)00173-9 www.elsevier.com/locate/modo (Fig. 2) . There is a decrease in the transcript level of H1M during early somitogenesis as compared to the blastula and early gastrula stages, a result which is in agreement with the expression profile of the Xenopus laevis linker histone B4/ H1M (Smith et al., 1988) .
The predominant subtype of linker histones present in the chromatin of early frog and mouse embryos is H1M/B4 and H1oo, respectively (Dworkin-Rastl et al., 1994; Tanaka et al., 2001) . The somatic forms of linker histones become detectable in the chromatin around mid-blastula transition Dimitrov and Wolffe, 1996) . We have shown here that in zebrafish, when H1M transcripts disappear from the majority of cells around the gastrula stage, the presence of these transcripts is sustained in the PGCs up to the 18 somite stage of development. As revealed by the RT-PCR assay, H1M transcripts are detectable in 20-24 h old embryos. Thus, it is possible that very low amount of H1M transcripts persist in the PGCs at these developmental stages too. This spatial restriction of H1M to the PGCs has not been reported for other species. Although linker histones are structural components of the chromatin, there is evidence that such proteins have an additional role in the regulation of gene activity (Bouvet et al., 1994; Sera and Wolffe, 1998; Steinbach et al., 1997) . It has recently been shown that linker histone H1.1 is required for normal germ cell development in C. elegans (Jedrusik and Schulze, 2001 ).
Experimental procedures
Zebrafish, strain Tubingen/AB, were maintained and staged as described in Westerfield (1995) . 
Subtractive hybridisation and characterisation of the cDNA library
The CLONTECH PCR-Selecte cDNA Subtraction Kit was used according to the manufacturers' instructions.
Poly(A)
1 RNA (0.5 mg) isolated from 1-2 cell stage zebrafish embryos and a tissue devoid of PGCs (the tail tip of 5 days old larvae) was used to generate the tester and the driver cDNA, respectively.
RNA isolation
Total RNA was isolated from embryos using the Trizol Reagent (GIBCO BRL). Poly(A) 1 RNA was subsequently isolated using the NucleoTrap w mRNA Purification kit (CLONTECH).
In situ hybridisation
H1M and vas riboprobes were prepared using the DIG and the fluorescein RNA labeling kit (Roche), respectively. Whole-mount in situ hybridisation (Thisse et al., 1993) was performed at 708C. Blocking was performed in PBT/2% blocking reagent (Roche). H1M transcripts were visualised using the alkaline phosphatase-conjugated anti-DIG antibody/NBT/BCIP alkaline phosphatase system (Roche) in the presence of 1 mM Levamizole (Fluka).
For double fluorescence in situ hybridisation, H1M was detected with the alkaline phosphatase-conjugated anti-DIG antibody/FAST RED alkaline phosphatase system (Roche). The embryos were subsequently fixed in 4% PFA/PBT for 20 min, incubated with a horse radish peroxidase (HRP)-conjugated anti-fluorescent antibody (NEN) at a 1:200 dilution. Visualisation of fluorescein labeled vas probe was performed with the TSAe plus fluorescence system (NEN).
Developmental RT-PCR analysis
Total RNA (3 mg) was converted to single stranded cDNA as described in Olsen et al. (1997) . PCR amplification was performed using the AmpliTaq Gold PCR system (Perkin Elmer). An initial denaturation step at 958C for 10 min was followed by 30 cycles at 948C for 30 s, 608C for 30 s, 688C for 60 s. The primers used were H1M4(1) 5 0 -ccacacccgtccaccatggagatgg-3 0 ; H1M5(2) 5 0 -ccttcccctgcagcattcttcgcc-3 0 and the actin primers A4(1) 5 0 -gagaagatctggcatcacaccttc-3 0 ; A5(2) 5 0 -ggtctcgtggataccgcaagattc-3 0 . Fig. 2 . RT-PCR analysis of H1M transcripts during early zebrafish development. Aliquots of total RNA (3 mg) isolated from different developmental stages were reverse transcribed and subjected to PCR amplification. To control loading, a PCR amplification of b-actin (a gene expressed at constant levels throughout development) was conducted. As a negative control, total RNA processed without reverse transcriptase (2RT) was subjected to PCR to control for genomic DNA contamination. A 500 bp H1M fragment (upper panel) and a 600 bp b-actin fragment (middle panel) were amplified with primers H1M4(1)/H1M5(2) and A4(1)/A5(2), respectively. Lane 1 contains the 100 bp ladder molecular size marker.
